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ABSTRACT

Rotator cuff tears are common tendon injuries and can be a major source of pain
and disability. Massive, irreparable rotator cuff tears are a challenging surgical dilemma
as currently there is no gold standard treatment algorithm. Multiple possible treatment
options exist yet no clear guidelines for optimal surgical technique for this disorder have
been established.
In this study, two new techniques described in the treatment of massive, irreparable
rotator cuff tears were explored; the insertion of a subacromial balloon spacer and superior
capsular reconstruction.

Their ability to restore glenohumeral joint kinematics was

examined in cadaveric specimens with surgically created massive, irreparable rotator cuff
tears.

Humeral head migration and functional abduction forces were the outcomes

measured.
Both the subacromial balloon spacer and the superior capsular reconstruction were
effective at restoring humeral head position at varying degrees of abduction as compared
to the intact shoulder state. Functional abduction force was also restored with both surgical
techniques. Finally, the subacromial balloon filled from 10-25 mL proved to be the most
effective in restoring humeral head positioning.

Further clinical studies need to be

performed to determine if these results are reproducible in vivo as well as in the long term.
KEYWORDS
Massive, irreparable rotator cuff tears, subacromial balloon spacer, superior capsular
reconstruction, superior humeral head migration
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Chapter 1
Introduction
Overview
The purpose of this thesis is to biomechanically assess two new treatment options for
massive, irreparable rotator cuff tears. This chapter will review the basic glenohumeral
joint anatomy in terms of osteology and musculature. Then, the pathology and clinical
manifestation of rotator cuff tears will be described. A focus will be placed on the
pathology of massive, irreparable rotator cuff tears and the surgical dilemma that they
pose. A review of newer treatment options will be discussed including; superior
capsular reconstruction and the subacromial balloon spacer. This introductory chapter
will outline the background information and rationale for this thesis.

1.1

The Shoulder

The shoulder, also known as the glenohumeral joint, is a multi-axial joint that
sacrifices bony constraint for mobility. The glenohumeral joint is formed by the
articulation of the glenoid fossa of the scapula and the humeral head of the humerus
and forms a shallow ball and socket-like joint. The shoulder is the most mobile joint in
the body and its range of motion includes forward flexion, extension, internal and
external rotation, abduction, adduction and 360 degrees of circumduction (Tortora,
2003).
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1.1.1 Osteology
The shoulder complex is made up of four major articulations (Figure 1-1). As
mentioned above, the primary articulation is the glenohumeral joint between the
glenoid fossa of the scapula and the humeral head of the humerus.

Secondary

articulations include the sternoclavicular joint between the sternum and the clavicle, the
acromioclavicular joint between the acromion process of the scapula and the clavicle,
and the scapulothoracic articulation between the scapula and the thoracic rib cage
(Swarm, 2007).

Three of these articulations are illustrated in Figure 1-1.

sternoclavicular joint is medial and not included in the figure.
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Figure 1-1: Shoulder Joint
This illustration demonstrates the primary bony structures of the glenohumeral joint
(red dashed line).

1.1.1.1

The Clavicle

The clavicle is an “S Shaped” bone that connects the upper extremity to the axial
skeleton. The clavicle has two articulations; medially it joins to the sternum to form
the sternoclavicular joint and laterally it joins the acromion to form the
acromioclavicular joint. The clavicle provides structural support to the glenohumeral
joint with its muscular attachments of the deltoid, trapezius and pectoralis major.
3

Additionally, the clavicle is stabilized by its attachment to the coracoid process of the
scapula through the coracoclavicular ligaments (Terry, 2000.)

1.1.1.2

The Scapula

The scapula is a triangular shaped bone that is the main origin of the rotator cuff
musculature (Figure 1-2 & 1-3). Anteriorly, the scapular body comprises of the
subscapular fossa and posteriorly, there is the supraspinous and the infraspinous fossae
that are both above and below the scapular spine, respectively. These fossae are the
origin of the rotator cuff muscles that help maintain shoulder joint motion and dynamic
stability. In addition, the scapula is attached to the posterior rib cage through muscular
attachments, which stabilizes the scapula, as well as the glenohumeral joint. The
scapula has four main components; the glenoid fossa, the coracoid process, the
acromion and the scapular spine. These processes are important sites for muscle and
ligament attachments.
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Figure 1-2: Anterior View of Scapula
Illustration of the osseous anatomy of the right scapula and clavicle

Figure 1-3: Posterior View of the Scapula
Illustration of the osseous anatomy of the right scapula
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The glenoid fossa is a lateral projection of the scapula. It is a pear-shaped structure
that articulates with the humeral head forming a synovial joint. The glenoid surface is
covered with articular cartilage and at it’s periphery is outlined by a fibrocartilage ring;
the glenoid labrum, which adds depth and stability to the glenoid fossa. The fossa is
relatively shallow and is only one third to one quarter the size of the humeral head
which contributes to the inherent instability of the joint (Terry, 2000).

The scapular spine process is a posterior structure that divides the supraspinous and
the infraspinous fossae. The scapular spine is the attachment site for muscles such as
the trapezius and the deltoid. The scapular spine projects laterally and terminates in the
acromion process which is the most lateral projection of the scapula. The acromion is
joined by the clavicle to form the acromioclavicular joint. Anteriorly, the coracoid
process projects from the scapula serving as an important site for muscle and
ligamentous attachment. The conjoint tendon, made up of the short head of the biceps,
the coracobrachialis and the pectoralis minor tendon, originate from the coracoid
process (Terry, 2000).

1.1.1.3

The Humerus

The humerus is a long bone of the upper extremity (Figure 1-4). Proximally, the
humeral head articulates with the glenoid fossa and contributes to the glenohumeral
joint. Distally, the humerus articulates with the radius and the ulna forming the elbow
6

joint. For the purpose of this thesis, the focus will be on the proximal humeral anatomy.
The humeral head is separated from the cylindrical humeral shaft by an anatomical and
surgical neck. The anatomical neck is the border between the articular surface of the
humeral head and the greater and lesser tuberosities. The tuberosities are bony
protuberances that are important insertional sites for the rotator cuff muscles. The
greater and lesser tuberosities are separated by the bicipital groove. This groove serves
as the tract for the long head of the biceps, which runs proximally inserting above the
glenoid fossa. Distally at the termination of the tuberosities is where the surgical neck
is described and marks the separation of the proximal humerus and the humeral shaft.
Below the surgical neck on the humeral shaft is the deltoid tuberosity, a prominent ridge
where the deltoid muscle inserts (Swarm, 2007).

Figure 1-4: Anterior View of the Humerus
Illustration of the osseous anatomy of the right proximal humerus
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1.1.2

Labrum, Capsule and Ligaments

The glenoid labrum as noted previously is a fibrocartilage ring that attaches
circumferentially to the glenoid fossa. The role of the labrum is to help deepen the
glenoid fossa, increase the congruency of the glenohumeral joint and help with force
transmission across the glenohumeral joint. In addition, the labrum is an important site
for the attachment of the glenohumeral ligaments and the long head of the biceps, which
all add to joint stability (Swarm, 2007).

The joint capsule attaches from the scapular neck to the humeral neck. The normal
thickness of the shoulder capsule is 1 to 5 mm. It has three distinct areas of thickening,
known as the glenohumeral ligaments. These ligaments are important in maintaining
static stability of the glenohumeral joint (Terry, 2000). The role of the superior
glenohumeral ligament is to prevent inferior translation and external rotation of the
humeral head (Terry, 2000). It runs parallel to the coracohumeral ligament and
originates from the supraglenoid tubercle above the glenoid fossa to the lesser
tuberosity on the humerus. The middle glenohumeral ligament is less structurally
important and is variable in its anatomy (Terry, 2000).

It originates from the

supraglenoid tubercle and inserts on the lesser tuberosity as well. Finally, the inferior
glenohumeral ligament originates from the inferior aspect of the glenoid (anterior and
posterior band) and inserts into the inferior aspect of the humeral head. The anterior
band serves an important role in prevention of anterior translation of the humeral head
8

(Burkhart, 2002). Figure 1-5 below illustrates the soft tissue anatomy described in this
paragraph.

Figure 1-5: Sagittal View of Right Scapula
Illustration of the soft tissue anatomy of the right scapula. The labels marked in red
are the static stabilizers of the shoulder and include the joint capsule, glenohumeral
(GHL) ligaments and labrum.
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1.1.3 Rotator Cuff Muscles and Dynamic Stabilizers of the Shoulder
The labrum, capsule and glenohumeral ligaments are all static stabilizers of the
glenohumeral joint. Due to the innate incongruency between the glenoid fossa and the
humeral head, the glenohumeral joint relies greatly on the surrounding ligaments and
musculature for joint stability. Dynamic stability comes primarily from the rotator cuff
muscles. There are four rotator cuff muscles that surround the joint capsule; the
subscapularis (anterior), the supraspinatus (superior), the infraspinatus and the teres
minor (posterior) (Figure1-6).

Figure 1-6: Anterior (Left) and Posterior (Right) View of Right Scapula with
Rotator Cuff Muscles
Illustration of the rotator cuff muscle anatomy of the right scapula.
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1.1.3.1

Subscapularis

The subscapularis originates from the subscapular fossa, which as previously
described is on the anterior surface of the scapula. The muscle inserts onto the lesser
tuberosity. It is innervated by both the upper and lower subscapular nerves and when
activated it internally rotates the shoulder.

1.1.3.2

Supraspinatus

The supraspinatus, along with the superior capsule, acts as a roof, preventing
superior humeral head migration. It originates from the supraspinous fossa, which lies
above the scapular spine on the posterior aspect of the scapula. It inserts on the greater
tuberosity. The supraspinatus is innervated by the suprascapular nerve and when
activated helps initiate shoulder abduction.

1.1.3.3

Infraspinatus and Teres Minor

The infraspinatus and teres minor originate in the infraspinous fossa, which lies
below the scapular spine on the posterior aspect of the scapula. Both muscles insert
onto the posterior aspect of the greater tuberosity.

The infraspinatus like the

supraspinatus is innervated by the suprascapular nerve, whereas the teres minor is
innervated by the axillary nerve. Both muscles when activated help with external
rotation of the shoulder.

11

1.1.3.4

Deltoid

The deltoid muscle is separated from the rotator cuff muscles by the subacromial
bursa. The deltoid muscle is composed of three heads, anterior, middle and posterior,
originating from the lateral clavicle, the acromion and the scapular spine, respectively.
The three heads come together to insert along the deltoid tuberosity on the humeral
shaft. The deltoid is innervated by the axillary nerve and causes forward flexion,
abduction and extension by activating the anterior, middle and posterior head
respectively.

1.1.3.5

Dynamic Stabilizers

Together, the rotator cuff muscles and the deltoid help keep the humeral head
centred in the glenoid fossa to allow normal range of motion and normal shoulder
kinematics. The humeral head is kept centred in the glenoid concavity by the dynamic
stabilizing and compressive forces caused by the contraction of the rotator cuff muscles
(Abboud, 2002). Disruption of the rotator cuff tendons, will lead to humeral head
migration and altered shoulder kinematics. Superior humeral head migration is caused
by the loss of the superior structural support created by the supraspinatus, the upper
aspect of the infraspinatus tendon as well as the superior joint capsule. Superior
humeral head migration leads to a decreased subacromial space and over time can cause
joint degeneration and symptoms such as pain, stiffness and disability.
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1.2 Rotator Cuff Pathology
1.2.1 Overview of Rotator Cuff Pathology
Rotator cuff tears can be a major source of pain and disability in our population. These
injuries are the most common tendon injuries seen in orthopedics patients, affecting
approximately 50% of individuals over the age of 60, with the incidence increasing with
age (Savarese, 2012). Rotator cuff tears can occur from an acute traumatic injury such as
a fall or dislocation and can occur from normal day to day “wear and tear”. In younger
patients, it is more common to see an acute traumatic tear and in the older patients, rotator
cuff tears are usually from chronic intrinsic degeneration. Rotator cuff pathology can
present as a spectrum from subacromial impingement to tendonitis to partial or full
thickness tears to arthropathy secondary to rotator cuff tears (St.Pierre, 2015).

The most common type of rotator cuff tear seen in orthopedic clinics is the chronic
degenerative tear. The exact etiology is unknown, however certain risk factors such as
advanced age, smoking, hypercholesterolemia and a positive family history may contribute
to rotator cuff tendinopathy. The most common rotator cuff tendon affected during a tear
is the supraspinatus tendon (Via, 2013) (Figure 1-7). The tendons involved depend on the
size of the tear and whether they extend anteriorly (into the subscapularis tendon) or
posteriorly (into the infraspinatus and teres minor tendons). Rotator cuff tears are classified
according to which tendons are involved, the size of the tear, the thickness of the tear, the
location and the shape of the tear. In addition, there are radiographic classifications that
13

describe rotator cuff tears based on their magnetic resonance imagine (MRI) appearance of
muscle atrophy and fatty infiltration (St.Pierre, 2015).

Figure 1-7: Intact Rotator Cuff Muscles (Left) and Supraspinatus Tear (Right)
Illustration of the rotator cuff muscle anatomy of the right shoulder inserting onto the
footprint (http://orthoinfo.aaos.org/topic.cfm?topic=a00064).

1.2.2 Clinical Manifestation
Regardless of the etiology or the type of rotator cuff tear, most patients with rotator
cuff pathology present with similar symptoms, shoulder pain usually exacerbated by
overhead activity, night pain and often associated loss of range of motion. There are
specific physical exam maneuvers dedicated to isolate which rotator cuff tendon is
involved, but patients often have non specific pain and diffuse symptoms and isolating
the tendon can be challenging on physical exam alone (Via, 2006). Based on history
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and physical examination, if the suspicion for a rotator cuff tear is present, further
investigations using imaging modalities (ultrasound or MRI) can be helpful.

1.2.3 Treatment
The treatment of symptomatic rotator cuff tears depends on multiple factors
including both patient factors and rotator cuff tear factors. The patient’s age, activity
level and work are important considerations. The mechanism of the tear and the
characteristics of the tear are important to determine if a tear is surgically repairable
(Burkhart, 2006). Regardless of the type of tear, the majority of rotator cuff tears are
treated initially with non-operative management in the form of physical therapy, antiinflammatories and possibly corticosteroid injections. Operative interventions are
considered when non-operative measures fail and include subacromial decompression
and debridement of the tear, rotator cuff repair (arthroscopic or open), tendon transfers,
or even reverse total shoulder arthroplasty for large, irreparable tears with glenohumeral
arthritis (Pedowitz, 2011). During primary repair of rotator cuff tendons, the end of the
torn tendon is brought back to the footprint on the greater tuberosity of the humerus
using suture anchors (Figure 1-8).

15

Figure 1-8: Various Primary Arthroscopic Rotator Cuff Repairs
Illustration demonstrating 4 different suture anchor techniques for primary rotator cuff
tears. Suture anchors are inserted into the footprint of greater tuberosity on humerus
(https://www.arthrex.com/shoulder/rotator-cuff-repair).

A tear is deemed massive and irreparable when the tendon cannot be primarily
repaired because it cannot be mobilized back to the footprint due to the large size of the
tear and the degree of tendon retraction. The management of massive, irreparable
rotator cuff tears is the main focus of this thesis.
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1.3 Massive, Irreparable Rotator Cuff Tears
1.3.1 Overview
A massive, irreparable rotator cuff tear by definition is a tear greater than five
centimetres, involving two or more tendons (Gerber, 2000). The irreparable nature of
these tears is defined by the fact that the rotator cuff tendon cannot physically be
repaired back to the footprint on the greater tuberosity of the humerus (Gerber, 2011).
The incidence of massive, irreparable rotator cuff tears ranges from 7-22% (Moore,
2006). Patients with massive, irreparable rotator cuff tears will experience pain and
disability, not dissimilar to those with simple rotator cuff tears, however,
radiographically, patients with massive, irreparable rotator cuff tears, have superior
humeral head migration and reduced acromiohumeral distance of less than 7mm
(Normal 8-12 mm) (Ellman, 1986). With increasing superior humeral head migration,
there is a decrease in the subacromial space and that is clinically manifested by reduced
range of motion, reduced shoulder function, and pain (Figure1-9). The goals of
treatment are then simple, prevent superior humeral head migration and restore
glenohumeral joint kinematics to produce a painfree shoulder with return of range of
motion. Unfortunately, surgical treatment is challenging for massive, irreparable rotator
cuff tears as the tendons are retracted and inelastic, there is significant muscle atrophy
and fatty infiltration. Currently, there is no gold standard treatment in the management
of massive, irreparable rotator cuff tears.
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Figure 1-9: Massive, Irreparable Rotator Cuff Tear of Right Shoulder
Illustration demonstrating superior humeral head migration secondary to massive,
irreparable rotator cuff tear (http://shoulderarthritis.blogspot.ca/2011/08/).

1.3.2 Treatment Options
There are a variety of treatment options proposed for the management of
massive, irreparable rotator cuff tears. Arthroscopic treatment options include simple
subacromial debridement, with biceps tenotomy, partial rotator cuff tendon repairs,
tuberoplasty, interpositional graft placement, and suprascapular nerve ablation. Open
treatment options include tendon transfers, hemiarthroplasty, and reverse total shoulder
arthroplasty (Anley, 2014). These procedures all vary in terms of outcome, degree of
invasiveness, and complication rates. Although each treatment has the goal of reducing
pain and improving function, none alone, has proven to be the gold standard. The
controversy and complexity of treating massive, irreparable rotator cuff tears is that no
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treatment option is ideal at restoring glenohumeral joint kinematics. In addition, in a
young patient, with no glenohumeral joint arthritis, a reverse total shoulder arthroplasty
is not an ideal treatment option. Recently, two new treatment options have been
proposed for the management of massive, irreparable rotator cuff tears; superior
capsular reconstruction and insertion of a subacromial balloon spacer.

1.3.3 Superior Capsular Reconstruction
The superior capsule of the glenohumeral joint acts as the static roof preventing
superior humeral head migration in an intact shoulder. It lies on the undersurface of
the supraspinatus and infraspinatus tendons and its main role is providing superior
stability to the glenohumeral joint (Mihata, 2012).

In the setting of a massive,

irreparable rotator cuff tear, the superior capsule is disrupted. A new arthroscopic
technique for superior capsular reconstruction was proposed by Mihata et al. to prevent
superior humeral head migration and prevent subacromial impingement for massive,
irreparable rotator cuff tears (Figure 1-10). The superior capsule is reconstructed using
a dermal or tensor fascia lata graft (approximately 6-8mm in thickness). The technique
includes attaching the graft medially to the superior aspect of the glenoid and laterally
to the greater tuberosity. The graft is fixed to the bone on either side using suture
anchors. In addition, the graft is sutured posteriorly to the infraspinatus with side to
side sutures. A cadaveric study was performed by Mihata, et al. in 2012 concluding
that superior capsular reconstruction completely restored superior stability of the
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glenohumeral joint. In 2012, Mihata, et al, also published a clinical trial; a retrospective
review between 2007 and 2009 of 24 patients with massive, irreparable rotator cuff
tears that had undergone arthroscopic superior capsular reconstruction by a single
surgeon. The average follow up was 34.1 months and the majority of patients showed
a significant improvement in clinical scores as well as range of motion post operatively.
Radiographically, the acromiohumeral distance improved significantly as well. Finally,
83.3% of the patients had an intact graft with no progression of osteoarthritis at the
glenohumeral joint. In summary, both cadaveric and early clinical studies have shown
promising results for superior capsular reconstruction by Mihata’s group.

Figure 1-10: Superior Capsular Reconstruction
Illustration demonstrating superior capsular reconstruction of the left shoulder.
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1.3.4 Subacromial Balloon Spacer
Another recent innovation in the treatment of massive, irreparable rotator cuff
tears is the insertion of a subacromial balloon spacer (Figure 1-11 and 1-12). The
InSpace Balloon was proposed as an arthroscopically inserted biodegradable spacer that
is inserted between the acromion and humeral head to help depress the humeral head
and prevent subacromial impingement in the setting of massive, irreparable rotator cuff
tears (Savarese, 2012).

The insertion technique involves a standard arthroscopic

debridement of the subacromial space with a bursectomy, followed by measuring the
subacromial space size from the lateral border of the acromion to the superior aspect of
the glenoid rim for balloon sizing (Table 1.1). Once the appropriate sized balloon is
selected, it is inserted in the subacromial space via a direct lateral portal. The balloon
is inserted and inflated with saline. The only contraindications to this procedure would
include active infections or allergies to the device material.

Subacromial
Space Size
< 4 cm
4-5 cm
> 5 cm

Balloon
Size
Small
Medium
Large

Width of
Balloon
(mm)
40
50
60

Length of
Balloon
(mm)
50
60
70

Recommended
Volume of
Balloon (mL)
9-11
14-16
23-25

Table 1.1: Subacromial Balloon Sizing and Recommended Inflation Volumes
This table outlines manufacturer recommendations for the appropriate balloon size
selection and dimensions, as well as the inflation volume based on the subacromial size
measurement.
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Savarese and Romeo described this surgical technique in 2012, and Gervasi,
et al. described it again in 2014. Senekovic et al. published two clinical prospective
case series; one with 3 year follow up and the other with 5 year follow up. These
were small studies with 20 patients (11 male and 9 female, average age 70) that
showed clinically significant improvement in shoulder function scores,
improvement in strength and range of motion at the 5 year follow up mark
(Senekovic, 2016). However, no biomechanics studies have been undertaken for the
subacromial balloon spacer, even though early clinical studies show promising
results. There is level 4 evidence that arthroscopic insertion of a subacromial
balloon spacer is a low risk and simple procedure that improves shoulder function.
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Figure 1-11: Subacromial Balloon Spacer
Illustration demonstrating the subacromial balloon spacer in the right shoulder
(http://orthospace.co.il/professional/how-does-it-work/).

Figure 1-12: Subacromial Balloon Spacer Device
(https://www.israel21c.org/new-implant-eases-rotator-cuff-pain/)
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1.3.5

Surgical Dilemma
The management of massive, irreparable rotator cuff tears is a surgical challenge.

A reverse total shoulder arthroplasty is an effective management technique for the elderly
with evidence of glenohumeral joint arthritis. Arthroplasty surgery is avoided in young
patients with no arthritis to prevent unnecessary joint surface destruction and high surgical
risks and complications. In addition, the longevity of arthroplasty implants is unknown and
thus not an ideal option in this patient. This encourages scientists and surgeons to come up
with alternative treatment options. The two current popular alternatives being considered
are the superior capsular reconstruction and the subacromial balloon spacer. A variety of
options exist, however there is no consensus on preferred surgical technique. Treatment
options are the most controversial in the younger patients with massive, irreparable rotator
cuff tears and with minimal glenohumeral joint arthritis.
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1.4 Thesis Rationale
The surgical management of massive, irreparable rotator cuff tears is
challenging. There is currently no ideal treatment and two new techniques have been
proposed in the management of massive, irreparable rotator cuff tears. The literature
review on these techniques has only level 4 evidence, showing early positive clinical
results for both superior capsular reconstruction and insertion of a subacromial balloon
spacer. Biomechanics studies have been done with respect to the superior capsular
reconstruction, however, there have been no biomechanics studies done for the
subacromial balloon spacer.

The purpose of this thesis is to examine both of these techniques at a
biomechanical level in cadaveric specimens.

This thesis encompasses two main

studies. The first study will directly compare superior capsular reconstruction and the
subacromial balloon spacer in their ability to restore glenohumeral joint kinematics.
The second study will focus on the subacromial balloon spacer alone and the impact of
different fill volumes on its ability to function as a device to restore humeral head
position. These studies will yield important information in guiding future treatment of
massive, irreparable rotator cuff tears.
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1.5 Thesis Objectives
The objectives of this thesis are to examine the two new techniques in the
treatment of massive, irreparable rotator cuff tears in cadaveric specimens.

The primary objectives of this thesis are:

1. To compare superior capsular reconstruction and the subacromial balloon spacer in
their ability to prevent superior humeral head migration (Chapter 2).

2. To compare superior capsular reconstruction and the subacromial balloon spacer in
their impact on functional abduction forces (Chapter 2).

3. To examine the subacromial balloon spacer in its ability to function as a device;
comparing fill volumes and their ability to prevent humeral head translation
(Chapter 3).
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1.6

Thesis Hypotheses

The hypotheses of this thesis based on the objectives are:

1. Both superior capsular reconstruction and the subacromial balloon spacer will
restore humeral head position to the native state at lower shoulder abduction angles.
At higher abduction angles, the subacromial balloon spacer will restore humeral
head position better than the superior capsular reconstruction (Chapter 2).

2. The functional abduction forces will be lower in the torn state and restored with
both superior capsular reconstruction and with the subacromial balloon spacer as
compared to the native state (Chapter 2).

3. Optimal balloon fill volumes will be important to maintaining humeral head
position. Overinflation or underinflation of the subacromial balloon spacer will
lead to suboptimal humeral head positioning in the glenoid fossa and lead to altered
shoulder kinematics (Chapter 3).
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1.7

Thesis Overview

This thesis examines the biomechanics of the superior capsular reconstruction
technique and the subacromial balloon spacer for the treatment of massive, irreparable
rotator cuff tears. The first chapter is an overview of the basic anatomy, as well as, a
literature review of massive, irreparable rotator cuff tears and these two new techniques.
The second chapter is focused on the biomechanical comparison of the superior
capsular reconstruction technique and the subacromial balloon spacer in their ability to
depress the humeral head and their impact on functional abduction force. The third
chapter is solely focused on the biomechanics of the subacromial balloon spacer.
Finally, chapter four reviews the conclusions drawn from each chapter and provides a
summary of the thesis.
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Chapter 2

A Comparison of Superior Capsular Reconstruction to the
Subacromial Balloon Spacer
This chapter directly compares the superior capsular reconstruction to the subacromial
balloon spacer in the treatment of massive, irreparable rotator cuff tears.

This

biomechanical study examines the ability of both techniques to restore humeral head
positioning and functional abduction forces.

2.1

Introduction
Massive, irreparable rotator cuff tears are large tears > 5 cm with 2 or more rotator

cuff tendons affected (Cofield, 2001). These large tears are extremely challenging to repair
primarily due to tendon retraction, muscle atrophy and fatty infiltration (Melladao, 2005).
The prognosis of massive, irreparable rotator cuff tears is difficult to predict. Patients
usually complain of pain and reduced range of motion and this can have significant impact
on quality of life.
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In the setting of a massive, irreparable rotator cuff tear, there is a loss of the superior
structural support of the glenohumeral joint, which results in superior humeral head
migration. These tears can be described based on various radiographic measures including
acromiohumeral distance, glenohumeral joint arthritis and degeneration of the acromion
(Hamada, 1990). The acromiohumeral distance is a measure of superior humeral head
migration and is measured from the undersurface of the acromion to the humeral head (See
Figure 2-1). When the acromiohumeral distance is less than 7 mm, this is usually
representative of a massive, irreparable rotator cuff tear in addition to the other factors
mentioned previously including tendon retraction > 5 cm, fatty infiltration and muscle
atrophy seen on MRI (Weiner,1970).

Figure 2-1: Radiographic Depiction of the Acromiohumeral Distance
Radiograph of a right shoulder illustrating superior humeral head migration due to a
massive, irreparable rotator cuff tear. The humeral head is not congruent in the glenoid
fossa and is impinging on the undersurface of the acromion. As noted in the white box, the
acromiohumeral distance is significantly narrowed.
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Surgical intervention is indicated in the setting of massive, irreparable rotator cuff
tears to improve symptoms of pain and reduced range of motion when conservative
treatment measures have failed and activities of daily living are inhibited. Unfortunately,
treatment can be quite challenging and although multiple interventions have been
introduced, there is no consensus on the gold standard treatment for an individual patient.
There is a paucity of literature supporting any one surgical intervention, however, a reverse
total shoulder arthroplasty has emerged as the preferred definitive treatment option in the
older patient with significant glenohumeral arthritis and rotator cuff deficiency. Although
a reverse total shoulder arthroplasty provides predictable pain relief and can offer improved
range of motion and function (Mulieri 2010), there are significant risks associated with this
surgery. In a systematic review performed by Petrillo, et al., in 2017, there was a 17.4%
complication rate associated with reverse total shoulder arthroplasty and a revision surgery
rate of 7.3%. The complications included neurovascular injury, infection, periprosthetic
fractures, component loosening or failure, joint dislocations and heterotopic ossification.
The risk of complications, the longevity of the implants and the invasiveness of arthroplasty
surgery have all brought into question the ideal treatment option for specific patients with
massive, irreparable rotator cuff tears and no glenohumeral joint arthritis.

A surgical dilemma exists in the young patient, without evidence of glenohumeral
joint arthritis in the setting of a massive, irreparable rotator cuff tear. Two new surgical
techniques have been proposed in the treatment of massive, irreparable rotator cuff tears;
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superior capsular reconstruction and the insertion of a subacromial balloon spacer.
Currently there is limited evidence available promoting either technique but early, small
clinical studies have shown promising results.

Mihata, et al., in 2012 proposed superior capsular reconstruction for the treatment
of massive, irreparable rotator cuff tears. The role of the superior capsule is to provide
superior static stability to the glenohumeral joint. With a massive, irreparable posterosuperior tear of the supraspinatus and infraspinatus tendon, there will be an inherent defect
in the superior capsule. The goal of superior capsular reconstruction is to use a graft to
prevent superior humeral head migration and regain joint alignment and motion. Mihata,
et al., have proposed this new technique and studied it biomechanically as well as clinically.
In one of many biomechanical studies, Mihata, et al. proved that superior capsular
reconstruction restored superior stability to the glenohumeral joint (Mihata, 2016).
Clinically in 2013, Mihata, et al, reported improved pain and range of motion, as well as
improved acromiohumeral distance in a retrospective study of 24 patients that underwent
arthroscopic superior capsular reconstruction at a mean 34 months post operatively.

The insertion of a subacromial balloon spacer was described initially in 2012. The
goal of the balloon spacer is to reduce subacromial impingement and depress the humeral
head to restore normal shoulder biomechanics. There have been no studies done that
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examine the effect of the subacromial balloon spacer on shoulder kinematics. Furthermore,
there have been no studies comparing the balloon to superior capsular reconstruction.
Senekovic, et al., published a prospective case series on 20 patients that underwent
insertion of the subacromial balloon spacer and reported on three and five year follow up.
These small studies have shown clinically significant improvements in shoulder function
scores, improvements in range of motion and strength. Recently, Deranlot, et al., in 2017,
published a retrospective case series on 39 shoulders that underwent insertion of the
subacromial balloon spacer and again reported significant improvement in shoulder
function at the one year postoperative follow up mark.

Although both techniques have promising early clinical results, the studies are small
sample sizes, with relatively short term follow up and are only level 4 evidence. The
purpose of this study is to directly compare the biomechanics of the superior capsular
reconstruction with that of the subacromial balloon spacer in the treatment of massive,
irreparable rotator cuff tears. Specifically, superior humeral head migration and functional
abduction force at varying degrees of static abduction angles will be compared. It was
hypothesized that both superior capsular reconstruction and the subacromial balloon spacer
will restore humeral head position to the native state at lower abduction angles, however,
at higher shoulder abduction angles, it was hypothesized that the subacromial balloon
spacer would better restore the humeral head position as compared to the superior capsular
reconstruction. In terms of the functional abduction force, it was hypothesized that both
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techniques would restore the force to the native state. The results from this study will yield
important data on the biomechanics of both treatment options, as well as, help guide clinical
practice of these two surgical procedures.

2.2

Materials and Methods

2.2.1 Cadaveric Specimen Preparation
Eight, previously frozen male cadaveric shoulders were used for this study (mean
age 68, range 60-76 years). Pre-screening with CT scans was conducted to ensure no
significant rotator cuff or glenohumeral joint pathology was present. Specimens were
thawed at least 12 hours prior to testing. The overlying skin, soft tissues, muscles, capsule
and joint were preserved. The four rotator cuff tendons were identified and tagged with
heavy #5 non-absorbable braided suture (Ethibond, Ethicon, Johnson & Johnson, New
Jersy, USA). The three heads of the deltoid muscle were exposed distally at the lateral
aspect of the humeral shaft. The anterior, middle, and posterior heads of the deltoid were
tagged through transosseous holes made in the distal humeral shaft with a 2.0 mm drill.

A load cell (ATI, Apex, NC) assembly unit was potted in to the humeral shaft using
cement and the scapula was attached using a clamp and bolts to a shoulder simulator (Figure
2-2). A distal humerus restraining jig permitted static shoulder abduction in the scapular
39

plane (scaption) from 0° to 90°. The tagged rotator cuff muscles were attached to cables
and routed to computer-controlled pneumatic actuators. These actuators controlled the
loads placed on each muscle tendon unit. The deltoid was loaded at 40 and 80 N during
testing and each individual rotator cuff muscle had a 10 N load applied (as per the protocol
used by Mihata, et al. 2012 and 2016). Optical tracking sensors (Northern Digital, ON,
Canada) were fixed to the scapula and humeral shaft to allow for the determination of bone
and joint position.

Figure 2-2: Shoulder Simulator Setup
The specimen is shown on the left side mounted in a clamp. Cables are sutered to the
tendons of interest and routed to (computer-controlled) pneumatic (air) actuators shown
on the right.
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2.2.2 Testing Protocol
For each testing variable, superior humeral head migration and functional abduction
forces were measured after the loads were applied at 0, 30, 60 and 90 degrees of static
abduction in the scapular plane.

Four variables related to shoulder condition were sequentially tested as follows:

Intact: After the cadaveric specimen preparation and shoulder simulator mounting was
completed, the intact shoulder state was initially tested. The intact shoulder was tested for
superior humeral head migration and functional abduction force at 0, 30, 60 and 90 degrees
of static abduction. This was achieved by locking the distal humerus restraining jig at the
set angles and then applying the pneumatic loads as mentioned above. The optical tracking
system and load cell measurements were taken 10 seconds following load application.

Torn: The second shoulder state tested was the massive, irreparable rotator cuff tear.
Through a mini-open incision (direct lateral deltoid split), a massive, irreparable rotator
cuff state was surgically created (Figure 2-3). Through this incision, the footprint (insertion
of the supraspinatus and infraspinatus tendons) was visualized and accessed. A large,
postero-superior full thickness tear involving both the supraspinatus and infraspinatus
tendons was created. A 5 cm tear from anterior to posterior was created. The subscapularis
and teres minor tendon were left intact. The superior capsule was removed with the
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detached tendons. After the torn shoulder state was created, the mini deltoid split incision
was closed with #5 ethibond sutures.

Figure 2-3: Massive, Irreparable Rotator Cuff Tear State
The specimen is shown with a surgically created massive, irreparable rotator cuff tear of
the right shoulder.

Balloon: The third shoulder state tested was the subacromial balloon spacer. The mini
deltoid split was re-opened and through the incision, the distance from the greater
tuberosity to 1 cm medial to the superior glenoid rim was measured.
Based on this measurement of the subacromial space, the appropriate size balloon was
selected as recommended in the InSpace Balloon technique manual (Table 2.1).
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Subacromial Balloon Size Recommended
Space Size
Volume of
Balloon (mL)
< 4 cm
Small
9-11
4-5 cm
Medium
14-16
> 5 cm
Large
23-25
Table 2.1: Subacromial Balloon Sizing and Inflation Volumes

All cadaveric specimens had a subacromial space larger than 5 cm and as such, a large
balloon was used and inflated to 25 mL as per manufacturer’s recommendations. The
balloon was inserted using an introducing tube (Figure 2-4). The tube was placed 1 cm
medial to the glenoid rim. The tube was pulled back and the balloon was inflated with
saline using a syringe that was attached to the device handle. The balloon was then sealed
and secured in place by sliding forward the button on the device handle. The delivery
system was removed and again the deltoid split was closed using #5 ethibond suture. With
the balloon inserted into the subacromial space, superior humeral head migration and
functional abduction forces were measured at 0, 30, 60 and 90 degrees of static abduction.
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Figure 2-4: Subacromial Balloon Spacer Insertion Device

Superior Capsular Reconstruction: For the fourth cycle of testing, the balloon was
deflated and removed through the mini deltoid split. The superior capsular reconstruction
technique was subsequently performed through this same incision. A dermal autograft
was selected and prepared at the time of the initial dissection. The graft thickness was
measured with calipers. Two 2.8mm Q-FIX All-Suture Anchors (Smith & Nephew,
London, UK) were inserted in to the superior glenoid bone. One anchor was placed at the
superior most point on the glenoid corresponding to the 12 o’clock position. The second
glenoid anchor was placed in the posterosuperior aspect of the glenoid rim corresponding
to the upper edge of the remaining infraspinatus. Two 4.75mm Healicoil Suture Anchors
(Smith & Nephew, London, UK) were placed in to the greater tuberosity, one at the
anteromedial aspect of the exposed rotator cuff footprint and the other at the
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posteromedial aspect of the footprint. The distance between all four anchors was
measured to estimate the dimensions of the dermal autograft. Once measured, 5mm was
added medially, posteriorly and anteriorly to the graft and 10mm was added laterally to
cover the greater tuberosity. The sutures from the glenoid suture anchors were then passes
through appropriate positions on the medial aspect of the dermal graft. The humerus was
then placed in 30 degrees of scaption and the sutures from the medial row tuberosity
anchors were then passed through the lateral aspect of the graft. The graft was tensioned
taught at 30 degrees of humeral scaption. Once the medial row was secured, a suturebridge type configuration was created with one suture from each anchor inserted in to two
5.5mm knotless suture anchors placed in the lateral aspect of the greater tuberosity. The
posterior cuff – graft interval was sutured side-to-side with interrupted simple stitches.
The deltoid split was reclosed using #5 Ethibond suture. Figure 2-5 shows the equipment
and set up required to perform the superior capsular reconstruction and Figure 2-6 shows
a cadaveric testing specimen after the superior capsular reconstruction has been
performed in the lab.
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Figure 2-5: Superior Capsular Reconstruction Set Up

Figure 2-6: Superior Capsular Reconstruction in Cadaveric Specimen
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2.2.3 Outcome Variables
The main outcome variables of this study were superior humeral head position and
functional abduction force.

Superior humeral head migration was monitored using the optical tracking system. The
relative motion of the humeral head compared to the centre of the glenoid was measured.
A reference coordinate system was developed for each specimen and the migration of the
centre of the humeral head relative to the initial resting position of the humeral head in the
glenoid was measured at various degrees of static abduction.

The functional abduction force was the abductive force at the mid humerus for a constant
deltoid force. It was measured using a load cell positioned at a constant and fixed
location at the distal humerus restraining jig. It was measured as an absolute change in
the vertical component of force relative to the intact state. The functional abduction force
was an indirect measure of abduction strength. This outcome variable was measured to
assess the ability of each reconstruction to maximize shoulder muscle efficiency. It is a
measure of the force exerted by the muscles to abduct the arm.
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The outcomes were measured in each shoulder state; intact, torn (after creating a massive,
irreparable rotator cuff tear), balloon (after inserting the subacromial balloon spacer), and
SCR (superior capsular reconstruction).

2.2.4 Statistical Analysis
Repeated measures of analysis of variance was used for statistical analysis. Bonferonni
correction was used to account for the multiple comparisons made. Statistical significance
was defined as p < 0.05. The abduction angle, deltoid load and shoulder state were the
independent variables with humeral head migration and functional abduction force being
the dependent variable.
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2.3

Results

2.3.1 Humeral Head Migration
Figure 2-7 shows the results of humeral head migration for each shoulder state at
varying degrees of shoulder abduction when the deltoid was loaded at 80 N. When the
deltoid muscle load was increased from 40 to 80 N, the humeral head translated superiorly
an average of 1.5±0.3 mm (p<0.001) for all parameters tested.

After creating a massive, irreparable rotator cuff tear, the humeral head migrated
superiorly 3.5±0.7 mm (p=0.028) at 0° of abduction and 2.9±0.6 mm (p=0.017) at 30° of
abduction when 80 N was applied to the deltoid muscle. At 60° and 90° of abduction, there
was no significant difference in humeral head position (p=0.138 and p= 0.764, respectively)
as compared to the intact state. After insertion of the subacromial balloon spacer, the
humeral head was translated inferiorly by 2.8±1.9 mm (p=0.006) relative to the torn state.
The superior capsular reconstruction also resulted in inferior humeral head translation of
1.8±1.6 mm (p=0.031) as compared to the torn state. Therefore, both techniques restored
humeral head position after a massive, irreparable rotator cuff tear and this was statistically
significant at all abduction angles.
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When comparing the humeral head position between the intact state and after
insertion of the subacromial balloon spacer, there were no significant differences detected
in any position of shoulder abduction (p=0.177). Furthermore, there were no significant
differences in humeral head position between the intact state and the superior capsular
reconstruction in any position of shoulder abduction (p=1.00). When directly comparing
the balloon state with the superior capsular reconstruction state, there were no significant
differences in humeral head position between the two techniques (p=1.00).

2.3.1.1

The Effect of Abduction Angle on Humeral Head Migration

Overall, each abduction angle state (0°,30°,60° and 90°) had a significant effect on
humeral head migration (p<0.001). As shoulder abduction increased, the humeral head
centre was translated inferiorly for all shoulders states (intact, torn, balloon and superior
capsular reconstruction).
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Figure 2-7: Results of Humeral Head Migration at Varying Abduction Angles at
80N of Deltoid Load
The mean +/- 1 SD of the humeral head migration for the various shoulder states (intact,
torn, balloon and SCR) and shoulder abduction angles (0,30,60 and 90°) are shown in
Figure 2-7. A positive value on the Y axis represents superior humeral head migration,
where as a negative value on the Y axis represents inferior humeral head migration relative
to intact state. An asterisk is marked over statistically significant results. The average
results of humeral head migration at each abduction angle is illustrated above. “a”
indicates statistical significance between 0° and 90° (p= 0.015) and “b” indicates
statistical significance between 30°, 60° and 90° (p < 0.003).
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2.3.1.2

The Effect of Shoulder State on Humeral Head Migration

The shoulder state resulted in a statistically significant effect on humeral head
migration (p <0.001). Inducing a massive, irreparable rotator cuff tear caused the humeral
head to migrate 1.3±0.9 mm superiorly (p=0.015) relative to the intact state when
considering all abduction angles and deltoid loads together. Additionally, both the balloon
and superior capsular reconstruction moved the humeral head inferiorly by 2.8±1.9 mm
(p=0.006) and 1.8±1.6 mm (p=0.031) relative to the torn state, respectively.

2.3.1.3

The Effect of Deltoid Load on Humeral Head Migration

As mentioned above, the deltoid muscle load had a significant effect on humeral
head migration (p<0.001). When increasing the deltoid force from 40 to 80 N, the humeral
head migrated superiorly on average 0.9±0.2 mm (p<0.001), for all shoulder states
investigated. Thus, the results for humeral head migration are shown when the deltoid is
activated at 80 N.

The effect of this increased deltoid load on superior humeral head

migration was significantly decreased as the abduction angle increased (p=0.002). In
summary, as the abduction angle of the arm increases, the superior directed force from the
deltoid muscle on humeral head migration is attenuated.
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2.3.2 Functional Abduction Force
The functional abduction force was measured as an indirect measure of abduction
strength. Clinically, resisted abduction is measured on physical examination to assess
strength of the rotator cuff muscles and the deltoid muscle. The functional abduction force
measured in this study is the additional force needed by the muscles to abduct the arm after
accounting for the weight of the arm at a fixed distance on the humeral shaft. It is an
absolute change in the vertical component of force measured in Newtons relative to the
intact state.

2.3.2.1

The Effect of Abduction Angle on Functional Abduction Force

Abduction angle (0°,30°,60° and 90°) had a significant effect on functional humeral
abduction force (p=0.026) (Figure 2-8).

In addition, abduction angle interacted

significantly with deltoid load (p=0.001), such that abduction angle only significantly
affected functional humeral abduction force at 40N of deltoid load. As the abduction angle
increased, the functional humeral abduction force decreased with a constant load of 40N
applied to the deltoid muscle. When increasing the abduction angle from 0° to 60°, the
functional humeral abduction force significantly decreased by 1.2±0.8N (p=0.013). When
increasing the abduction angle from 0° to 90°, the functional humeral abduction force
significantly decreased by 1.5±0.9N (p=0.024).
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Figure 2-8: The Effect of Abduction Angle on Functional Abduction Force
The mean +/- 1 SD of the functional abduction force for the various shoulder abduction
angles (0,30,60 and 90°) for both deltoid loads (40 and 80 N) are shown in Figure 2-8
when considering all shoulder states together. The asterisks mark the statistically
significant values.

2.3.2.2

The Effect of Shoulder State on Functional Abduction Force

Figure 2-9 shows the results of the effect of shoulder state on functional abduction
force when considering all abduction angles and both deltoid loads together. When
comparing the intact shoulder to the torn shoulder state, the functional abduction force was
significantly lower for the torn state (1.2±0.7N, p = 0.009). There was no statistically
significant difference detected between the intact state and either the balloon augment (p =
0.403) or the superior capsular reconstruction (p = 1.000) for the functional abduction force.
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Figure 2-9: The Effect of Shoulder State on Functional Abduction Force
The mean +/- 1 SD of the functional abduction force for the various shoulder states (intact,
torn, balloon and SCR) are shown in Figure 2-9. This graph demonstrates the various
shoulder states on the X axis (SCR = superior capsular reconstruction) against the
functional abduction force on the Y axis. The asterisk marks the statistically significant
difference.

2.3.2.3

The Effect of Deltoid Load on Functional Abduction Force

When the deltoid muscle load was increased from 40 to 80 N, considering all
abduction angles and shoulder states together, the functional abduction force on average
was increased by 1.2±0.2 N. The deltoid muscle load had a statistically significant effect
on functional abduction force (p<0.001).
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2.4

Discussion
In this study, the subacromial balloon spacer was compared to the superior capsular

reconstruction technique for the treatment of massive, irreparable rotator cuff tears. Static
abduction was tested in a fixed arc and the primary outcomes evaluated were humeral head
migration and functional abduction force. To re-iterate, the three independent variables
evaluated were shoulder state, abduction angle, and deltoid load.

2.4.1 Shoulder State
There were four different shoulder states evaluated; intact shoulder, torn (massive,
irreparable rotator cuff tear), balloon (subacromial balloon spacer) and SCR (superior
capsular reconstruction). There were no statistically significant differences in humeral
head positioning between the subacromial balloon spacer (p=0.177), the superior capsular
reconstruction (p=1.000) and the intact shoulder. Both techniques were able to restore
humeral head position as compared to the intact shoulder. After creating a tear, the humeral
head position was significantly affected (p= 0.015) and both the subacromial balloon spacer
(p=0.006) and the superior capsular reconstruction (p=0.031) were able to significantly
lower the humeral head. This was true when considering all abduction angles and deltoid
loads. After a massive, irreparable rotator cuff tear, the humeral head migrates superiorly
and both techniques were able to restore the humeral head in the glenoid fossa. Overall,
both techniques effectively depressed the humeral head, one using a balloon spacer to
56

physically depress the humeral head and the other, reconstructing the superior capsule of
the joint, which prevented the humeral head from migrating upwards. Once the surgical
tear was created, there was a loss in the superior support of the rotator cuff musculature
allowing for superior humeral head migration with deltoid muscle activation and during
abduction. In addition, there was no significant difference between superior capsular
reconstruction and the subacromial balloon spacer in their ability to restore humeral head
position (p=1.000). Both techniques were effective in restoring humeral head position after
a massive, irreparable rotator cuff tear. The balloon spacer fills the subacromial space and
thus prevents superior humeral head migration after a tear. At lower abduction angles, the
superior capsular reconstruction graft is well tensioned and prevents superior humeral head
migration. At higher abduction angles, although the graft was likely not tensioned, the
resultant force vector on the humeral head does not create a superior directed force. This
may explain why even at higher abduction angles the SCR technique was comparable to
the balloon spacer.

The functional abduction force was an indirect measure of abduction strength and
when comparing the intact shoulder to the torn state, there was a significant decrease in the
functional abduction force in the torn state (p=0.009). After a massive, irreparable rotator
cuff tear, the abduction strength would be reduced and this was demonstrated by a reduction
in the functional abduction force. This makes sense in the setting of a massive, irreparable
muscle tear, the arm cannot generate as much force to abduct the arm as compared to the
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intact state. The weakened muscle is from the injury or in this case the surgically created
massive, irreparable rotator cuff tear.

The superior capsular reconstruction and the

subacromial balloon spacer were both able to restore functional abduction force to the intact
state. There was no significant difference between the intact, the balloon spacer (p=0.403)
or the superior capsular reconstruction (p=1.000) state in terms of functional abduction
force. This indicates that both techniques were able to restore abduction strength in the
cadaveric models. Although after creating a massive superior deficit in the rotator cuff
muscles, by restoring the humeral head position, both techniques also restored abduction
strength. Since the glenohumeral joint positioning is restored to the intact state, the muscle
forces working at the joint would be restored to their baseline function and work equally to
abduct the arm. The weakness created by the massive, irreparable rotator cuff tear was
likely offset by the balloon and superior capsular reconstruction restoring the humeral head
position.

2.4.2 Abduction Angle
Static shoulder abduction was measured at 0°, 30°, 60° and 90°. When pooling all
the shoulder states and deltoid loads together, each abduction angle had a significant effect
on humeral head migration (p<0.001). For all shoulder states, the humeral head was
translated inferiorly as the abduction angle increased. When considering all shoulder states
(torn, intact, subacromial balloon spacer and superior capsular reconstruction), there was a
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significant difference in humeral head migration at 0° and 90° of shoulder abduction
(p=0.015). Additionally, there was a significant difference in humeral head migration
between 30°, 60° and 90° of shoulder abduction (p<0.003). At 0° and 30° of shoulder
abduction, there was a significant difference in humeral head migration between the intact
and torn state and the torn and the two treatment states. At higher abduction angles (60°
and 90°), the difference in humeral head position was attenuated and this may be explained
by the fact that at higher abduction angles, the resultant force vector of the deltoid muscle
is such that superior humeral head migration would be minimal and thus differences
between humeral head migration in different shoulder states would be more difficult to
detect.

The abduction angles had a significant effect on functional abduction force
(0=0.026) when considering all shoulder states and deltoid loads. When the deltoid was
loaded at 40 N, the abduction angle had a significant effect on functional abduction force
(p=0.001), however at 80 N this effect was not seen. This may be explained by the fact
that at 80 N load on the deltoid, no additional muscle force was needed to abduct the arm
and thus no difference was detected between abduction angles. When increasing the
abduction angle, the functional abduction force decreased, in all shoulder states with the
deltoid muscle loaded at 40 N. Clinically this would suggest that at higher abduction
angles, the resisted abduction strength is decreased. This may be explained by the fact that
at higher abduction angles, the arm is farther away from the body and an increased force is
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required to achieve the same resistance than when the arm is adducted to the body. This
can be linked back to the resultant deltoid force vectors acting on the shoulder when the
arm is adducted as compared to abducted at 90° (see Figure 2-10).

Figure 2-10 Resultant Vector of Deltoid Muscle Forces
This figure illustrates the resultant vector of the deltoid muscle forces when the shoulder is
in position 1 (adduction/0° of abduction) and position 2 (90° of abduction).
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2.4.3 Deltoid Load
The deltoid muscle was fired at 40 and 80 N during the testing cycles and when the
load was increased from 40 to 80 N, the humeral head migrated superiorly. This was
statistically significant for all parameters including at all abduction angles and in all
shoulder states (p<0.001). The deltoid muscle is a large muscle and when contracted its
primary role is shoulder abduction. In the setting of a massive, irreparable rotator cuff tear,
there is a lack of superior stability to the glenohumeral joint with the supraspinatus tendon,
the upper part of the infraspinatus tendon and the superior capsule being torn. Superior
humeral head migration is caused by a deficiency in the superior stability of the joint. This
was demonstrated in the torn shoulder state when the deltoid muscle was fired at 80 N and
the humeral head migrated superiorly an average of 3.5±0.7 mm (p=0.028) at 0° of
abduction and 2.9±0.6 mm (p=0.017) at 30° of abduction. At higher abduction angles, the
effect of increased deltoid load (80 N) on superior humeral head migration was significantly
decreased (p=0.002). This may be explained by the fact that at higher abduction angles, the
superiorly directed force vector of the deltoid muscle is decreased, resulting in less superior
humeral head migration and more of an axial loading joint compression force (see Figure
2-10 above).

When the deltoid muscle load was increased from 40 to 80 N, the functional
abduction force was significantly increased (p<0.001) for all shoulder states and at all
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abduction angles. This is intuitive as the deltoid muscle contributes significantly to
abduction strength and when the load is increased the functional abduction force will also
increase.

Our initial hypothesis was partly accepted; both the superior capsular reconstruction
and the subacromial balloon spacer restored humeral head position to the native state.
However, this was held true at all abduction angles. The hypothesis stated that at higher
abduction angles the subacromial balloon spacer would be more effective in restoring
humeral head position as compared to the superior capsular reconstruction. The rationale
behind this hypothesis was that the graft used in the superior capsular reconstruction is a
non contractile graft and although it is tensioned at 30 degrees, at higher abduction angles
it would fold, similar to an accordion and lose its ability to provide superior stability as
compared to the balloon. This in fact was not correct because as the abduction angle
increased, the direction of the deltoid muscle force did not result in superior humeral head
migration. There was an overall less superior directed force from the deltoid muscle
resulting in reduced superior humeral head migration at higher abduction angles and thus
no difference was found between both techniques at higher abduction angles. This may
indicate that the important aspect of abduction in the massive rotator cuff tear state is
humeral head depression during the initiation of the motion (below 30 degrees), which both
techniques were able to accomplish.
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2.4.4 Strengths & Limitations
This is the first study to examine the biomechanics of the subacromial balloon
spacer and directly compare it to the superior capsular reconstruction. The surgical
challenges of managing massive, irreparable rotator cuff tears is an exciting and rapidly
advancing topic for shoulder surgeons. There is limited evidence available supporting these
two new surgical techniques and this study substantially adds to the current body of
literature and encourages additional comparative clinical studies.

Although the data collected from this study is important and will help guide the
future management of massive, irreparable rotator cuff tears, there are some limitations to
the study. Only one plane of motion was tested at time zero. Furthermore, shoulder
abduction was static motion in a closed circuit. This does not represent a human dynamic
model; however, cadaveric studies are necessary to yield important background
information before applying the treatments clinically. Our outcomes of humeral head
migration as a surrogate for subacromial impingement, and functional abduction force
representing abduction strength, have no proven clinical correlation. The assumption is
that clinical scores would improve with restoration of humeral head position and strength,
however, further studies are needed to evaluate for clinical symptoms such as pain relief
and improvement in daily function.
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Additionally, a potential weakness was the lack of randomization for the shoulder
states tested. In the initial pilot test and protocol, the goal was to randomize the shoulder
states in specimens. However, in conducting the superior capsular reconstruction and
then the balloon, the cadaver specimen sustained damage during take down of the
superior capsular reconstruction. As such, the protocol was conducted with the
reconstructions in series.

Finally, the error bars are quite large for the results. This can be explained by the
inter-specimen variability and the small number of specimens tested. This is to be expected
with cadaveric specimen testing. In addition, the pooling of the data to a single comparison
and combining all variations across all tests leads to larger error bars.

In this study, both superior capsular reconstruction and the subacromial balloon
spacer proved effective at restoring humeral head position and strength after a massive,
irreparable rotator cuff tear during shoulder abduction.

Based on this study, both

techniques could be considered as similar alternatives in the treatment for massive,
irreparable rotator cuff tears. Further studies need to examine the long-term effectiveness
of both techniques.
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2.5

Conclusions
This is the first study to directly compare superior capsular reconstruction with the

subacromial balloon spacer. Native humeral head position was effectively restored with
both techniques. After creating a massive, irreparable rotator cuff tear, the humeral head
position was significantly affected but adequately restored to the native state with both the
superior capsular reconstruction and the subacromial balloon spacers at all abduction
angles.

At higher abduction angles, the superiorly directed force vector on the humeral head
is decreased and the role of the deltoid muscle in inducing superior humeral head migration
is decreased. There were no significant differences between the functional abduction force
when comparing the intact state to the balloon augment or superior capsular reconstruction
state. In other words, there is no extra force applied by the rotator cuff muscles to abduct
the arm with either treatment option and abduction strength was restored.

Based on this biomechanical study, both superior capsular reconstruction and the
subacromial balloon spacer function well to prevent superior humeral head migration and
restore normal glenohumeral joint position and forces during various abduction states as
compared to the intact shoulder state. Further investigations are needed to determine if
these results are sustained over time in a dynamic model.
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Chapter 3

A Biomechanical Study of the Subacromial Balloon Spacer in
the Treatment of Massive, Irreparable Rotator Cuff Tears
This chapter reviews the subacromial balloon spacer technique in the treatment of massive,
irreparable rotator cuff tears. Similar concepts to Chapter 2 will be reviewed in the
introduction section. The methodology for this study is also similar to Chapter 2. This is
the first biomechanical study examining the subacromial balloon spacer in its ability to
function as a device to depress the humeral head in the setting of massive, irreparable
rotator cuff tears.

3.1

Introduction
As documented in the previous two chapters, massive, irreparable rotator cuff tears

are defined by tears greater than 5 cm in size, with 2 or more tendons involved, with tendon
retraction and chronic changes such as muscle atrophy and fatty infiltration, and which
cannot be repaired directly back to the greater tuberosity of the humerus (Gerber, 2011).
The current management of these tears is challenging as no individual surgical technique
has demonstrated clinical superiority in the literature. A surgical dilemma exists in the case
of a younger patient with a massive, irreparable rotator cuff tear and no evidence of
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glenohumeral joint arthritis. Various treatment options exist including but not limited to;
subacromial decompression and biceps tenotomy, partial tendon repairs, and interposition
of synthetic grafts, however, no definitive guidelines for optimal surgical treatment has
been accepted. Newer arthroscopic treatments have been proposed in the treatment
algorithm of massive, irreparable rotator cuff tears that are deemed less invasive and
perhaps an interim procedure, prolonging the time to a more definitive procedure such as
arthroplasty.

The subacromial balloon spacer technique (as studied in Chapter 2) was first
published by Savarese, et al., in 2012 and then by Gervasi, et al., in 2014 as a new
arthroscopic treatment option in the management of massive, irreparable rotator cuff tears.
This surgical technique involves the insertion of a biodegradable subacromial balloon
shaped spacer between the humeral head and the acromion. The goal of the treatment is
to depress the humeral head, prevent subacromial impingement and restore normal shoulder
biomechanics. The technique was described arthroscopically and could be an performed
in outpatient setting under local anesthesia. This novel treatment may be useful for high
risk surgical candidates or as an interim surgical procedure prior to considering
arthroplasty.
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Currently the main contraindications to implantation of the subacromial balloon
spacer includes allergies to the device material or active shoulder joint infection. Possible
risks of the device implantation include local irritation from the balloon including a foreign
body reaction, infection, inflammation and tissue necrosis (Savarese, 2012). No clinical
safety studies have been done specifically looking at the subacromial balloon spacer. The
balloon spacer is made of poly-L-lactide-co-Ɛ-caprolactone, which is a biodegradable
material. Ramot, et al., in 2015, published an animal study testing the long term local and
systemic safety of poly-L-lactide-co-Ɛ-caprolactone after intraarticular implantation in rats.
Overall, the results of this study showed positive outcomes for both local and systemic
tolerability of the material with no inherent toxic or tumorigenic properties.

Senekovic, et al., in 2012, published the first prospective clinical trial after inserting
20 subacromial balloon spacers in patients with massive, irreparable rotator cuff tears.
There were 11 males and 9 females included in this study, with the average age of 70.5
years. A significant improvement in patient symptoms were noted as early as 1 week and
at 3 years post operatively, there was sustained improvement in subjective pain, shoulder
function and strength as assessed by the Constant score. Additionally, there were no
adverse events related to the device insertion or during follow up. This first human study
demonstrated clinical safety and efficacy in a small group of patients with massive,
irreparable rotator cuff tears. A five-year follow up study on the same cohort of patients
reported sustained clinical improvements (Senekovic, 2016). The device was deemed to
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be a viable alternative treatment option that was low risk, minimally invasive and effective.
Deranlot, et al., in 2017 published a retrospective review of 37 patients after arthroscopic
insertion of the subacromial balloon spacer. The mean age of patients in this study was
69.8 years and on an average follow up of 1 year, all patients had a significant increase in
their post operative range of motion and mean Constant score. Radiographically, there was
a significant improvement in the acromiohumeral distance after implantation of the device.
There was only one adverse patient event of balloon spacer migration, and the patient
underwent a revision implantation of the device. This study adds to the existing evidence
that the subacromial balloon spacer has had early positive clinical results.

In addition, clinical studies using the spacer as an adjunct to protect primary rotator
cuff tears have been done. The success rate of primary rotator cuff repairs is inversely
proportional to the tear size, with larger tears having a higher failure rate post operatively
(Szollosy, 2014). In 2014, Szollosy, et al., proposed using the subacromial balloon spacer
to protect rotator cuff repairs by placing the spacer between the acromion and repaired
rotator cuff tendon. The theory was that the balloon spacer would maintain humeral head
position and reduce impingement between the repair and the acromion. The limitation to
the use of the spacer was that overstuffing the subacromial space may lead to extrinsic
compression of the repair site or cause excessive humeral head depression. The optimal
fill volume and balloon sizing would be important to prevent this.
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Although there have been some clinical studies published on the insertion of the
subacromial balloon spacer, no biomechanical studies have tested the ability of the device
to depress the humeral head. The objective of this study was to evaluate the balloon as a
device to depress the humeral head and compare the balloon to the intact shoulder and after
a massive, irreparable rotator cuff tear. This study will examine the impact of balloon
volume on humeral head migration to help understand the optimal use of the subacromial
balloon spacer as a device. Humeral head migration in various degrees of shoulder
abduction and the various fill volumes of the balloon will be tested. This data is important
to understand how the subacromial balloon spacer works as a device and will add to the
current literature on this novel treatment.

3.2

Materials and Methods

3.2.1 Cadaveric Specimen Preparation
Cadaveric preparation was described in Chapter 2 and the shoulder simulator set up
was demonstrated in Figure 2-2. Eight, right, previously frozen male cadaveric shoulders
were used for testing. Each specimen had a CT scan of the shoulder that was reviewed to
ensure there was no rotator cuff or bony pathology.

The specimens were defrosted a

minimum of 12 hours prior to testing. The first step in the cadaveric preparation was soft
tissue dissection. The dissection involved identifying and tagging the four rotator cuff
tendons with a #5 Ethibond suture. The joint capsule, deltoid muscle and overlying skin
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were left intact. The deltoid muscle was tagged through transosseous bone tunnels made
in the distal humeral shaft using a 2.0 mm drill. The three heads of the deltoid muscle were
individually secured. The humeral shaft was potted using cement and the scapula was
attached using bolts and mounted on the shoulder simulator (Figure 3-1). Each of the
rotator cuff muscles, as well as the deltoid muscle, were attached to cables that were routed
to pneumatic actuators. The computer controlled actuators placed 10 N of load on each
rotator cuff muscle and 40 and 80 N of load on the deltoid muscle during testing cycles.
The optical tracker sensors were attached to the scapula and humeral shaft.

3.2.2 Testing Protocol
After the soft tissue dissection and specimen preparation was completed, the
cadaveric shoulder was mounted on to the custom shoulder simulator. The first condition
to be tested was the intact shoulder state, the second was after creating a massive,
irreparable rotator cuff tear, the third was after inserting the subacromial balloon spacer and
inflating to three different volumes; 10, 25 and 40 mL to represent under inflation, optimal
and over inflation of the subacromial balloon spacer. Humeral head migration was
measured at 0, 30, 60 and 90 degrees of static shoulder abduction for all five shoulder states.
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Torn: For the massive, irreparable rotator cuff tear state, a surgically created tear was made
through a deltoid splitting incision (Figure 2-3). A 3 cm longitudinal skin incision was
made starting from the lateral edge of the acromion and continued distally. The rotator cuff
footprint was accessed through this incision and a large full thickness postero-superior tear
was created involving the entire supraspinatus and upper border of the infraspinatus tendon.
From anterior to posterior, the surgical tear measured 5 cm. The subscapularis and teres
minor tendons were not disrupted. Once the surgical tear was completed, the deltoid split
was closed at the skin with #5 Ethibond sutures.

Balloon: After the torn state was cycled through testing, the deltoid split was re-opened and
the subacromial balloon spacer was inserted through this incision. There are three different
sizes of balloons to insert based on the size of the subacromial space. The subacromial
space size of each specimen was measured from the greater tuberosity to 1 cm medial to
the superior glenoid rim. All eight cadavers had a subacromial space measuring greater
than or equal to 5 cm, which equated to the large balloon size. The large balloon was
inserted using an introducing tube (Figure 3-1), which was placed 1 cm medial to the
glenoid rim. The tube was retracted and the balloon was inflated in the subacromial space
using saline. The balloon was sealed and separated from the device handle. The balloon
insertion system was removed and the balloon was left in situ. The deltoid split was closed
at the skin using #5 Ethibond. Three different conditions of balloon inflation (10, 25 and
40 mL) were tested in a randomized fashion on each specimen.
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Figure 3-1 Subacromial Balloon Spacer
The subacromial balloon spacer is shown attached to the device insertion handle and the
syringe filled with normal saline allows titration of various fill volumes for the balloon.

3.2.3 Outcome Variables
The main outcome variable tested in this study was humeral head migration (anteriorposterior and superior-inferior).
Five different shoulder states were tested; intact, torn (after inducing a massive,
irreparable rotator cuff tear) and balloon at 10, 25 and 40 mL (after inserting the
subacromial balloon space and inflating to three different volumes in a randomized method;
10, 25 and 40 mL).
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Superior humeral head migration was a surrogate measurement for a clinical symptom
complex, known as subacromial impingement. Each outcome variable was tested at 0, 30,
60 and 90 degrees of static shoulder abduction for each shoulder state. The anteriorposterior and superior-inferior humeral head migration was measured using the optical
tracking system. Using a reference coordinate system for each specimen, the relative
motion of the humeral head compared to the centre of the glenoid was measured in
millimetres.

3.2.4 Statistical Analysis
The varying abduction angles (0°, 30°, 60° and 90°), shoulder states (intact, torn,
balloon at 10, 25 and 40 mL inflation volumes) and deltoid loads (40 and 80 N) were tested
as independent variables, with humeral head migration (both superior-inferior and anteriorposterior) being the primary outcome measurement. Repeated measures of analysis of
variance was done for statistical analysis, with Bonferroni correction used for the multiple
comparisons made and statistical significance was set as p < 0.05.
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3.3

Results

3.3.1 Anterior-Posterior Humeral Head Migration
3.3.1.1

Shoulder State

Five different shoulder states were tested; intact shoulder, after creating a massive,
irreparable postero-superior rotator cuff tear, and after insertion of the subacromial balloon
spacer inflated to three different volume states (10, 25 and 40 mL). The summary of the
results is shown in Figure 3-2 and Figure 3-3.

Anterior Humeral Head Displacement (mm)

16
14

Shoulder States

12
10

Intact

8

Torn

6

Balloon 10
Balloon 25

4

Balloon 40

2
0
0
-2

30

60

90

Abduction Angle (°)

Figure 3-2 Anterior-Posterior Humeral Head Migration Results at 40 N Deltoid Load
The mean +/- 1 SD of the anterior humeral head migration for the various shoulder states
(intact, torn, balloon at 10, 25 and 40 mL) and shoulder abduction angles (0,30,60 and
90°) are shown in the figure. These results are shown with the deltoid activated at 40 N.
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Figure 3-3 Anterior-Posterior Humeral Head Migration Results at 80 N Deltoid Load
The mean +/- 1 SD of the anterior-posterior humeral head migration for the various
shoulder states (intact, torn, balloon at 10, 25 and 40 mL) and shoulder abduction angles
(0,30,60 and 90°) are shown in the figure. These results are shown with the deltoid
activated at 80 N. A positive value on the y axis represents anterior displacement and a
negative value on the y axis represents posterior displacement.

Table 3.1 provides the mean difference in anterior humeral head translation between
the various shoulder states. When considering all abduction angles together and both
deltoid loads together, the balloon inflated at 25 mL and 40 mL significantly translated the
humeral head anteriorly (p=0.011 and p=0.001, respectively) as compared to the intact
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state. The balloon at 40 mL translated the humeral head anteriorly by 10.2 ± 1.3 mm, where
as the balloon at 25 mL translated the humeral head anteriorly by 3.6 ± 0.7 mm compared
to the intact state. There was no significant difference between the anterior-posterior
humeral head position when comparing the intact state to the torn state (p=0.641) and to
the balloon inflated to 10 mL (p= 1.000).
Shoulder State
Torn
Balloon at 10 mL
Balloon at 25 mL
Balloon at 40 mL

Mean Difference (mm)
0.6 ± 0.3
0.1 ± 0.2
3.6 ± 0.7
10.2 ± 1.3

Significance (P value)
0.641
1.000
0.011
0.001

Table 3.1 Anterior Humeral Head Displacement
This table provides the mean difference in anterior humeral head displacement (mm)
between the various shoulder states as compared to the intact state. A significant value
was p<0.05.

When comparing the torn shoulder state to the other shoulder states, there was no
significant differences between the intact state (p=0.641) and the balloon at the 10 mL level
(p=0.312) in terms of anterior-posterior humeral head displacement. Similar to the intact
state, there was a significant difference between the torn state and the balloon at 25 mL
(p=0.003) and 40 mL (p=0.001).

At 0° of shoulder abduction, there was a significant displacement of the humeral
head anteriorly when the balloon was inserted and inflated at 25 mL (p=0.024) and 40 mL
(p=0.003) when compared to the intact state. This anterior humeral head displacement was
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also significant when comparing the torn state to the balloon at 25 mL and 40 mL at 0° of
shoulder abduction (p=0.005 and p=0.002, respectively). Finally, the anterior displacement
of the humeral head was also significant when comparing the balloon at 10 mL to the
balloon at 25 mL and 40 mL at 0° of shoulder abduction (p=0.004 and p=0.001,
respectively). There was no difference between the humeral head position (anteriorposterior) at 0° of shoulder abduction between the intact, torn and balloon at 10 mL state
(p=1.000). This was true for all abduction angles; 0°, 30°, 60°, and 90° and when
comparing shoulder states within each deltoid load 40 and 80 N.

3.3.1.2

Abduction Angle

Four different static shoulder abduction angles were tested; 0°, 30°, 60° and 90°.
When considering all shoulder states together and both deltoid loads, the varying abduction
angles did not have a significant difference on the anterior-posterior humeral head position
(p=1.000).

Furthermore, when comparing the four abduction angles within each shoulder state,
there was no significant difference on anterior-posterior humeral head displacement in the
intact, torn balloon at 10 mL and balloon at 25 mL state (p=1.000). However, when the
balloon was inflated at 40 mL, there was a significant difference in the humeral head
position when comparing 0° and 30° of shoulder abduction (p=0.001). The humeral head
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was displaced anteriorly an average of 1.8 ± 0.3 mm when the shoulder was abducted from
0° to 30°.

When the deltoid was loaded at 40 N, there was no significant difference between
the anterior-posterior positioning of the humeral head at the varying abduction angles
(p=1.000). When the various abduction angles were compared with the deltoid muscle
activated at 80 N, there was also no significant difference in the humeral head position
(p=1.000).

3.3.1.3

Deltoid Load

When considering all shoulder states and all abduction angles, loading the deltoid
muscle at 40 and 80 N did have a significant difference in humeral head displacement
(p=0.013). With the deltoid muscle fired at 80 N, the humeral head was on average
displaced posteriorly by 0.8 ± 0.3 mm.

At 0° and 30° of shoulder abduction, there was a significant difference in the
humeral head position with the deltoid activated at 40 N vs 80 N (p=0.002 and p=0.011,
respectively). When the deltoid load was increased from 40 to 80 N at 0° of abduction, the
humeral head position was translated posteriorly 1.4 ± 0.3 mm. At 30° of abduction, when
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the deltoid activation increased from 40 to 80 N, the humeral head position was posteriorly
translated by 1.1 ± 0.3 mm. The deltoid load was not significant in posterior humeral head
translation at 60° and 90° of shoulder abduction (p=0.192 and p=0.275, respectively).

When increasing the deltoid load from 40 to 80 N, there was a significant difference
in the humeral head position in the intact (p=0.012), torn (p=0.007) and balloon at 10 mL
(p=0.003) shoulder state. The humeral head was translated posteriorly with increasing
deltoid load at these three shoulder states. No significant differences were noted in the
humeral head position when the balloon was inflated to 25 mL (p=0.069) and 40 mL
(p=0.489) with varying deltoid loads.

3.3.2 Superior-Inferior Humeral Head Migration
3.3.2.1

Shoulder State

When considering all abduction angles and both deltoid loads (40 and 80 N)
together, there was a significant difference between the superior-inferior humeral head
position between the shoulder states. Figure 3-4 and Figure 3-5 illustrate the summary of
the results for superior-inferior humeral head migration.
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Figure 3-4 Superior-Inferior Humeral Head Migration Results at 40 N Deltoid Load
The mean +/- 1 SD of the superior-inferior humeral head migration for the various
shoulder states (intact, torn, balloon at 10, 25 and 40 mL) and shoulder abduction angles
(0,30,60 and 90°) are shown in the figure. These results are shown with the deltoid
activated at 40 N. A positive value on the y axis represents superior displacement and a
negative value on the y axis represents inferior displacement.
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Figure 3.5 Superior-Inferior Humeral Head Migration Results at 80 N Deltoid Load
The mean +/- 1 SD of the superior-inferior humeral head migration for the various
shoulder states (intact, torn, balloon at 10, 25 and 40 mL) and shoulder abduction angles
(0,30,60 and 90°) are shown in the figure. These results are shown with the deltoid
activated at 80 N. A positive value on the y axis represents superior displacement and a
negative value on the y axis represents inferior displacement.
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After creating the massive, irreparable rotator cuff tear, there was an average
superior migration of the humeral head by 1.4 ± 0.4 mm (p=0.046) as compared to the intact
state. There were no significant differences between the intact state and the balloon at 10
mL (p=1.000) and the intact state and the balloon at 25 mL (p=0.118) in terms of superiorinferior humeral head migration. When the subacromial balloon spacer was inflated to 40
mL, the humeral head was translated inferiorly by 7.0 ± 1.2 mm (p=0.007) relative to the
intact state.

There was a significant difference in the humeral head position between the torn
state and all other shoulder states (see Table 3.2). The humeral head was translated
inferiorly by all shoulder states as compared to the torn state.
Shoulder State
Intact
Balloon at 10 mL
Balloon at 25 mL
Balloon at 40 mL

Inferior Humeral Head
Migration (mm)
1.4 ± 0.4
0.9 ± 0.2
3.1 ± 0.6
8.4 ± 1.2

Significance (P value)
0.046
0.046
0.013
0.002

Table 3.2 Superior-Inferior Humeral Head Migration
This table demonstrates the mean difference in humeral head position between the various
shoulder states as compared to the torn shoulder state.

When the balloon was inflated to 10 mL, the humeral head position was not
significantly different as compared to the intact state (p=1.000). However, the balloon at
10 mL inflation was significantly different than the torn state (p=0.046), the balloon at 25
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mL (p=0.012) and the balloon at 40 mL (p=0.003). The humeral head was translated
superiorly after the tear (0.9 ± 0.2 mm) and was translated inferiorly by the balloon inflated
to 25 (2.2 ±0.4 mm) and 40 mL (7.5 ± 1.1 mm) as compared to the balloon at 10 mL.

When the subacromial balloon spacer was inflated to 25 mL, the ideal
recommended volume, there was no significant difference between this state and the intact
state (p=0.118). When comparing the balloon at 25 mL to the torn state, the humeral head
migrated superiorly by 3.1 ± 0.6 mm (p=0.013) after the tear. When the balloon was
deflated from 25 mL to 10 mL, the humeral head migrated superiorly by 2.2 ± 0.4 mm
(p=0.012). Finally, when the balloon was inflated from 25 mL to 40 mL, the humeral head
was translated inferiorly by 5.3 ± 1.0 mm (p=0.009).

The humeral head position was significantly different when the balloon inflated to
40 mL as compared to all other shoulder states. The balloon at 40 mL translated the
humeral head inferiorly compared to all other shoulder states.

When comparing the shoulder states within each abduction angle, it was determined
that there were no significant differences between the superior-inferior humeral head
translation from the intact state to the balloon at 10 mL (p=1.000) and from the intact state
to the balloon at 25 mL (p=0.538) at 0° of shoulder abduction. A significant difference was
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appreciated between the intact and torn state (p=0.049), with the humeral head migrating
superiorly by 2.3 ± 0.6 mm in the torn state at 0° of shoulder abduction. A significant
difference was also noted between the intact shoulder state and the balloon inflated to 40
mL (p=0.019), with the humeral head being translated inferiorly by 7.5 ± 1.5 mm by the
balloon at 40 mL 0° of shoulder abduction.

As the abduction angle increased, the main finding noted was that a significant
difference between the balloon at 10 mL and the balloon at 25 mL developed. At 30°, 60°
and 90° of shoulder abduction, the balloon at 25 mL was able to significantly depress the
humeral head as compared to the balloon at 10 mL (p=0.027, p=0.030 and p=0.034,
respectively).

Finally, as the abduction angle reached 90°, the significant superior-inferior
humeral head position differences were eliminated between the shoulder states.

3.3.2.2

Abduction Angle

When considering all shoulder states and both deltoid loads together, as the
abduction angle increased, the humeral head position was translated inferiorly. There was
no significant difference in the humeral head position when comparing 0° to 30° of shoulder
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abduction. However, from 0° to 60° of shoulder abduction, the humeral head was translated
inferiorly by 1.9 ± 0.4 mm (p=0.019). Also, from 0° to 90° of abduction, the humeral head
was translated inferiorly by 3.1 ± 0.7 mm (p=0.016). When the shoulder was abducted
from 30° to 60°, the humeral head migrated inferiorly 1.8 ± 0.2 mm (p<0.001). Also, when
the shoulder was abducted from 30° to 90°, the humeral head migrated inferiorly 3.0 ± 0.5
mm (p=0.005). There was no significant difference in humeral head position from 60° to
90° of shoulder abduction (p=0.195).

When abduction angle was examined within each shoulder state, there was no
significant difference in the superior-inferior humeral head migration from 0° to 30° of
shoulder abduction (p=1.000), however, there was a significant difference between all other
abduction angles. This was consistent for the intact shoulder state, the torn shoulder state,
and the balloon inflated to 10 mL state. When the balloon was inflated to 25 mL, the only
significant changes in the humeral head position occurred from 30° to 90° (p=0.036) and
from 60° to 90° (p=0.034). When the shoulder was abducted from 30° to 90°, the balloon
at 25 mL caused depression of the humeral head by 3.0 ± 0.8 mm. Furthermore, when the
shoulder was abducted from 60° to 90°, the balloon at 25 mL caused the humeral head to
translate inferiorly by 1.8 ± 0.5 mm. Finally, when the humeral head position was
compared at various abduction angles with the balloon inflated to 40 mL, there were no
significant differences noted (p=1.000).
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When the deltoid muscle was activated to 40 N, increasing the abduction angle did
not have a significant impact on the superior-inferior migration of the humeral head
(p=1.000). However, when the deltoid muscle load was increased to 80 N, then the
superior-inferior humeral head migration was significant at each abduction angle.

3.3.2.3

Deltoid Load

There was a significant difference in the superior-inferior humeral head position
caused by the increase in deltoid load from 40 to 80 N, when considering all shoulder states
and abduction angles together. The humeral head migrated superiorly on average 1.4 ± 0.1
mm, when the deltoid load was increased from 40 to 80 N (p<0.001).

When evaluating deltoid muscle force at each abduction angle, there was significant
superior humeral head migration when the deltoid muscle was fired at 80 N (see Table 3.3).
Abduction Angle
0°
30°
60°
90°

Superior Humeral Head
Migration (mm)
2.1 ± 0.3
1.7 ± 0.2
1.1 ± 0.1
0.7 ± 0.2

Significance (P Value)
< 0.001
< 0.001
< 0.001
0.020

Table 3.3 Impact of Deltoid Force on Humeral Head Migration based on Abduction
Angles
This table shows the mean difference in superior humeral head migration (in mm) when
the deltoid muscle is increased from 40 to 80 N within each abduction angle.
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When the deltoid force was increased from 40 to 80 N within each shoulder state,
there was also significant superior humeral head migration (see Table 3.4).
Shoulder State
Intact
Torn
Balloon at 10 mL
Balloon at 25 mL
Balloon at 40 mL

Superior Humeral Head
Migration (mm)
0.6 ± 0.1
1.8 ± 0.3
1.7 ± 0.2
1.6 ± 0.2
1.4 ± 0.2

Significance (P Value)
< 0.001
0.001
< 0.001
< 0.001
< 0.001

Table 3.4 Impact of Deltoid Force on Humeral Head Migration based on Shoulder
State
This table shows the mean difference in superior humeral head migration (in mm) when
the deltoid muscle is increased from 40 to 80 N within each shoulder state.

Overall, we can conclude that the deltoid muscle plays a significant role in superior humeral
head migration.
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3.4

Discussion

3.4.1 Anterior-Posterior Humeral Head Migration
The purpose of this study was to biomechanically evaluate the subacromial balloon
spacer to determine its effectiveness as a device in restoring humeral head position after a
massive, irreparable rotator cuff tear. Both anterior-posterior and superior-inferior humeral
head migration was examined. When the subacromial balloon spacer was inflated to 25
mL and 40 mL, the humeral head was displaced anteriorly as compared to the intact
shoulder state.

The overinflated balloon state (40 mL) displaced the humeral head

anteriorly approximately 10.2 ± 1.3 mm, where as the recommended volume (25 mL) only
displaced the humeral head anteriorly by 3.6 ± 0.7 mm as compared to the intact state. Both
of these were statistically significant, perhaps indicating that underinflating the balloon
may prevent anterior humeral head displacement. The clinical relevance of a small amount
of anterior humeral head displacement is unclear. However, in clinical scenarios with a
disrupted subscapularis, anterior translation may be poorly tolerated by the patient.

Based on the results of this study, creating a massive, irreparable postero-superior
rotator cuff tear does not significantly affect the anterior-posterior positioning of the
humeral head from the intact state. This can be explained by the fact that the subscapularis
and part of the posterior cuff remains intact and would prevent anterior to posterior
translation as opposed to superior-inferior. However, when the balloon is inserted and
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inflated, this study shows that the inflation volume is correlated to anterior humeral head
displacement. In terms of anterior-posterior humeral head displacement, shoulder state did
affect humeral head position.

On the contrary, changing the abduction angle alone, did not impact anteriorposterior humeral head displacement. When the shoulder was abducted, there was no
significant anterior-posterior humeral head displacement and this was likely due to the
intact anterior cuff and partial posterior cuff. Without the loading of the deltoid muscle,
the humeral head stays relatively centered in the anterior-posterior direction with increasing
abduction angle. The exception to this, was when the balloon was inflated to 40 mL. When
the subacromial balloon spacer was overinflated, increasing the abduction angle, did affect
anterior humeral head displacement. The effect of anterior humeral head displacement was
likely due to the overinflation of the balloon as opposed to the abduction angle alone, as
this effect was not seen in any other shoulder state.

In addition, when increasing the deltoid muscle load from 40 to 80 N, the humeral
head was displaced posteriorly by less than 1 mm, however, this was statistically significant
(p=0.013). When the deltoid muscle load is increased, the sum of the vector forces from
the deltoid muscle is directed superiorly. In this study, a postero-superior rotator cuff tear
was induced, creating a deficiency in the posterior and superior cuff. The subscapularis
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muscle was left completely intact and thus may account for the posterior humeral head
displacement with increasing deltoid muscle load.

The posterior displacement was

primarily seen in the torn state and the balloon at 10 mL, when the balloon was inflated to
25 and 40 mL, the posterior displacement was eliminated. The inflated balloon states
displace the humeral head anteriorly and thus no posterior displacement was present. The
anterior humeral head displacement was likely caused when the balloon was inflated
maximally due to the balloon position in the subacromial space. After creation of a massive
postero-superior rotator cuff tear, with increasing inflation, the balloon was more
posteriorly positioned, thus physically displacing the humeral head anteriorly.

Overall, the anterior-posterior humeral head displacement was caused by the
shoulder state, in particular, the balloon inflated to 25 mL and 40 mL caused anterior
humeral head displacement. Abduction angle and deltoid load alone were not major
contributors to anterior-posterior humeral head displacement. This would suggest that,
underinflation as opposed to over inflation of the balloon would lead to less anteriorposterior translation of the humeral head.
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3.4.2 Superior-Inferior Humeral Head Migration
The primary role of the subacromial balloon spacer is depression of the humeral
head in the setting of a massive, irreparable postero-superior rotator cuff tear. In this study,
shoulder state, abduction angle and deltoid load were examined and superior-inferior
humeral head migration was measured. As noted in Chapter 2, shoulder state had a
significant impact on superior humeral head migration, this was redemonstrated in chapter
3. After inducing a massive, irreparable rotator cuff tear, the humeral head migrated
superiorly by 1.4 ± 0.4 mm as compared to the intact shoulder state. This significant
superior humeral head migration was restored to the intact shoulder position after inserting
the subacromial balloon spacer inflated at 10 mL and 25 mL. Over inflation of the balloon
spacer to 40 mL caused significant depression of the humeral head as compared to all other
shoulder states. When specifically comparing the balloon inflated to 10 mL as compared
to the balloon at 25 mL, the balloon at 25 mL was able to significantly depress the humeral
head as compared to the balloon at 10 mL at increasing abduction angles (p=0.041).
Therefore, the balloon at 25 mL is likely better able to reduce the humeral head as compared
to the balloon at 10 mL in varying abduction angles.

All three balloon fill volumes caused depression of the humeral head, however, only
the balloon at 10 mL and 25 mL restored the humeral head position to the intact state. The
balloon is a space occupying device and when inflated to increasing volumes, it creates
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increasing depression of the humeral head. Over inflation of the subacromial space, causes
supraphysiologic depression of the humeral head and likely influences glenohumeral joint
kinematics by overstuffing this joint space. Ideal inflation of the large balloon restores the
humeral head to the intact position.

In addition to shoulder state, abduction angle also had an effect on the superiorinferior humeral head positioning. As the abduction angle increased, the humeral head
translated inferiorly. This difference was most notable when the shoulder was abducted
from 0° to 60° and from 0° to 90°. Based on the anatomy reviewed in chapter 1, to allow
for shoulder abduction, the humeral head must move inferiorly. When the subacromial
balloon spacer inflated to 40 mL was inserted, the superior-inferior humeral head motion
was eliminated at all abduction angles. This may be explained by the fact that the
subacromial space would be overstuffed with the balloon at 40 mL reducing the humeral
head’s ability to move within that space.

The magnitude of the deltoid load also resulted in a significant effect on the
superior-inferior humeral head positioning. This was demonstrated in Chapter 2 as well.
When the deltoid muscle load was increased from 40 to 80 N, the humeral head migrated
superiorly. This may be explained by the sum of the vector forces of the deltoid muscle.
As described in Chapter 1, the deltoid muscle is composed of anterior muscle fibers
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responsible for forward flexion and posterior fibers responsible for extension. The lateral
muscle fibers are responsible for abduction and when activated create a superior directed
force on the humeral head. At 80 N, the deltoid muscle is able to cause significant superior
humeral head migration in all shoulder states, at all abduction angles. This chapter
demonstrates again that shoulder state, abduction angle and deltoid load have a significant
effect on superior-inferior humeral head migration.

3.4.3 Strengths & Limitations
This is the first biomechanical assessment of the subacromial balloon spacer. No
other studies have examined this device in the lab and tested the mechanics of various
inflation volumes. The stated purpose of the balloon is to depress the humeral head and
prevent subacromial impingement. This study quantifies the humeral head migration after
insertion of the balloon spacer and may guide clinical use of this device in the future.

It is important to highlight some of the limitations of this cadaveric study. Static
abduction was the only plane of motion tested and although it is representative of
glenohumeral joint motion, it does not capture the multiaxial nature of the joint. In addition,
although anterior-posterior and superior-inferior humeral head migration were measured,
the clinical relevance of the migration is not known. Although superior humeral head
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migration is likely reflective of subacromial impingement, the amount of inferior, anterior
and posterior translation does not necessarily correlate with specific functional deficits.
Finally, the role of the long head of the biceps in preventing anterior-posterior translation
was not examined in this study. The biceps tendon was removed during the creation of the
rotator cuff tear and perhaps it may play a role in preventing anterior-posterior translation
if left intact.

3.5

Conclusion
This is the first biomechanical study to examine the subacromial balloon spacer as

a treatment for massive, irreparable rotator cuff tears. This study evaluated the role and
effectiveness of the subacromial balloon spacer as a device in depressing the humeral head
and restoring glenohumeral joint kinematics. In this study, three independent variables
were examined. The independent variables included five shoulder states, four abduction
angles and two deltoid muscle loads. The shoulder states included the intact shoulder, the
shoulder after creating a massive, irreparable rotator cuff tear, and then the shoulder after
inserting the subacromial balloon spacer inflated to three different volumes (10, 25 and 40
mL). The three volumes correspond to under inflation, ideal/recommended inflation and
over inflation volumes for the large balloon spacer. Each shoulder state was tested at four
different shoulder abduction angles (0°, 30°, 60° and 90°). The deltoid was loaded to both
40 and 80 N for each shoulder state and each abduction angle. Finally, humeral head
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migration, both anterior-posterior and superior-inferior, was the primary outcome
measured.

The results of this study showed that after inducing a massive, irreparable rotator
cuff tear, the humeral head migrated superiorly as compared to the intact state. The
subacromial balloon spacer at 10 mL and 25 mL restored the humeral head position to the
intact state. The balloon at 25 ml did translate the humeral head more anteriorly as
compared to the intact state. Overinflation of the balloon caused significant displacement
of the humeral head anteriorly and inferiorly. Finally, as shown in Chapter 2, the deltoid
muscle played a significant role in causing superior humeral head migration when loaded
to 80 N.

This study demonstrates that the balloon can effectively depress the humeral head.
Overinflation of the balloon should be avoided to prevent anterior displacement of the
humeral head, as well as, to prevent overstuffing the glenohumeral joint. Further studies
should be performed to understand how humeral head migration impacts patients clinically,
in terms of range of motion and activities of daily living. At this point, based on the
evidence from previous studies and this biomechanical study, the subacromial balloon
spacer may be considered as an effective treatment option for massive, irreparable rotator
cuff tears.
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Chapter 4
4.1

Conclusions
The surgical management of massive, irreparable rotator cuff tears is challenging.

The dilemma exists in a younger patient with no evidence of glenohumeral joint arthritis.
The definitive treatment option proposed in the management algorithm in an older patient
is a reverse total shoulder arthroplasty or a major open procedure such as a tendon transfer.
Two new arthroscopic techniques have been proposed as possible treatment options.
Superior capsular reconstruction and the insertion of a subacromial balloon spacer are both
meant to restore humeral head position and shoulder kinematics. Both treatment options
are less invasive surgeries than arthroplasty.

The purpose of this thesis was to compare these two new treatment options in the
management of massive, irreparable rotator cuff tears. This is the first biomechanical study
done that examines the subacromial balloon spacer and directly comparing the balloon
spacer with superior capsular reconstruction.
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The primary objectives of this thesis were:

1. To compare the superior capsular reconstruction and the subacromial balloon spacer in
their ability to prevent superior humeral head migration.

2. To compare both techniques in their impact on functional abduction forces; an indirect
measure of shoulder abduction strength.

3. To examine the subacromial balloon spacer in its ability to function as a device;
comparing fill volumes and their ability to prevent humeral head translation.

The goal was that these biomechanical studies would add to the current literature and yield
important information to help guide future treatment of massive, irreparable rotator cuff
tears.
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4.2

Summary of Chapter 2: A Comparison of Superior capsular
reconstruction to the Subacromial Balloon Spacer
The purpose of this study was to directly compare the superior capsular

reconstruction to the subacromial balloon spacer in the treatment massive, irreparable
rotator cuff tears. This biomechanical study compared humeral head migration and
functional abduction force at varying degrees of shoulder abduction.

The hypothesis of this study was:
1. That both techniques would restore humeral head position to the native state at
lower shoulder abduction angles, however, at higher abduction angles, the
subacromial balloon spacer would better restore humeral head position as compared
to superior capsular reconstruction.

The rationale for this hypothesis was that at higher abduction angles, the static capsule
would not be able to contract to help prevent superior humeral head migration. The results
of this study showed that both techniques are to the intact shoulder state regardless of
abduction angle. The resultant deltoid force at lower abduction angles caused superior
humeral head migration but at higher angles, the resultant force was directed more into
axial joint compression and less superior directed. Thus, this may explain why no
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differences were seen at increasing abduction angles between the superior capsular
reconstruction and the subacromial balloon spacer.

In terms of functional abduction force, the hypothesis was:
2. That the functional abduction force would be lower in the torn state and restored to
the intact state with both the superior capsular reconstruction and the subacromial
balloon spacer.

This hypothesis was proven to be correct as abduction strength was restored and there
were no differences in the extra force applied by the deltoid and rotator cuff muscles to
abduct the arm with either treatment intervention as compared to the intact shoulder state.

This is the first biomechanical study to directly compare the superior capsular
reconstruction to the subacromial balloon spacer. Both techniques functioned well to
restore humeral head position and functional abduction forces as compared to the native
shoulder. Further clinical studies are needed to evaluate if this restoration of humeral head
position and abduction force is consistent with clinical improvement in pain and return to
function.
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4.3

Summary of Chapter 3: A Biomechanical Study of the
Subacromial Balloon Spacer in the Treatment of Massive,
Irreparable Rotator Cuff Tears
This study investigated the mechanics of the subacromial balloon spacer and

evaluated various inflation volumes in the treatment of massive, irreparable rotator cuff
tears. The purpose of this study was to evaluate the subacromial balloon spacer at a
biomechanical level and examine its ability to depress the humeral head and prevent
superior humeral head migration.

The hypothesis of this study was:
3.

That optimal inflation of the subacromial balloon will be important in maintaining
humeral head positioning. Over inflation or under inflation will lead to suboptimal
humeral head positioning in the glenoid fossa and affect shoulder kinematics.

This hypothesis was partially accepted in that ideal inflation AND under inflation
restored the humeral head position to the intact state. Although optimal inflation did
displace the head more anteriorly, it also translated it more inferiorly as compared to the
under inflation state. The results of this study show inflation of the large balloon spacer
from 10-25 mL adequately restores humeral head position to the native state. Over inflation
107

of the balloon (>40 mL) should be avoided to prevent overstuffing the glenohumeral joint
and anterior translation of the humeral head.

Overall, this was the first biomechanical study evaluating the subacromial balloon
spacer and the results of this study prove it is an effective device in depressing the humeral
head.
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4.4

Future Directions
Taking into consideration that the superior capsular reconstruction and the

subacromial balloon spacer were equally effective in this study at depressing the humeral
head and restoring humeral head positioning in varying degrees of shoulder abduction.
Further clinical studies need to examine the clinical results of these two techniques to
compare complication and failure rates.

Furthermore, clinical studies examining the long term effects of these two
procedures are needed.

It is currently unclear how the subacromial balloon spacer

maintains its effects on restoring humeral head position after disintegration. As well, there
are no long term clinical studies on the effect of superior capsular reconstruction.

A randomized prospective clinical study should be done directly comparing the
subacromial balloon spacer to the superior capsular reconstruction technique. If the balloon
and superior capsular reconstruction are truly comparable in terms of clinical results for
patients, then further cost analysis studies should be done. The subacromial balloon spacer
is a low risk procedure that can be done in an outpatient clinic under local anesthetic in less
than 20 minutes. This efficient procedure could have significant cost saving effects on the
health care system. This could drastically change the management of massive, irreparable
rotator cuff tears if clinical studies compare to the biomechanical studies.
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4.5

Summary of Conclusions
Massive, irreparable rotator cuff tears are a complex surgical problem. The current

treatment options vary from biceps tenotomy and subacromial decompression for pain
relief to a reverse total shoulder arthroplasty as a definitive treatment option. This thesis
examined two new treatment options for the subset of younger patients with no evidence
of glenohumeral joint arthritis in the setting of a massive, irreparable rotator cuff tear. Both
the superior capsular reconstruction and the subacromial balloon spacer prevent superior
humeral head migration and restore humeral head position for optimal shoulder range of
motion and function. Both treatment options are viable alternatives in the management of
massive, irreparable rotator cuff. Based on the results of these studies, the subacromial
balloon spacer and the superior capsular reconstruction technique are both effective
humeral head depressors.
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APPENDIX A: Glossary of Terms

ABDUCTION

The movement of a limb away from the
midline of the body.

ACROMIOHUMERAL DISTANCE

A measure of the space between the humeral
head and the undersurface of the acromion
(normal is 7-13mm).

ADDUCTION

The movement of a limb toward the midline
of the body.

ANTERIOR

Especially situated in the front of the body.

ARTHROPLASTY

The replacement of a joint.

ARTHROSCOPY

The use of endoscopy (fiber-optic video
camera) in a joint for visual examination,
diagnosis and treatment of a joint problem.

ARTICULAR CARTILAGE

Cartilage covering the joint surface.
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ARTICULATION

Also known as a joint (where two bones
meet).

ATROPHY

The process of tissue wasting or
degeneration.

BURSA

A fluid filled sac, usually countering friction
at a joint.

BURSECTOMY

A surgical procedure involving removal of
the bursa, usually carried out to relieve
chronic inflammation (bursitis).

CIRCUMDUCTION

The circular movement of a limb, consists of
a combination of flexion, extension,
adduction and abducton.

CONSTANT SCORE

This score is a 100 point scale composed of
parameters that assess pain, range of motion,
strength and ability to carry out activities of
daily living. The purpose of the score is to
determine functionality after shoulder
treatment.
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CT SCAN

A computerized tomography scan, creates
cross sectional imaging from a series of
xrays taken from different angles.

DERMAL GRAFT

Also known as a skin graft.

DISTAL

Situated away from the center of the body.

FOOTPRINT

Anatomical location on the greater
tuberosity where the rotator cuff muscles
insert.

GLENOHUMERAL

Also known as the shoulder joint.

HETEROTOPIC OSSIFICATION

The presence of bone in soft tissue where
bone does not normally exist.

LATERAL

A position farther away from the midline.

LOCAL ANESTHESIA

Anesthesia that affects a restricted area of
the body.

MEDIAL

A position closer to the midline.
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MULTI-AXIAL

A joint that moves in a number of axis, also
known as polyaxial joint.

PERIPROSTHETIC

Refers to a structure in close relation to an
implant.

POSTERIOR

Towards the rear of the body, also known as
dorsal.

PROXIMAL

Located near to the point of attachment.

TENDONITIS

Inflammation of a tendon.

TENOTOMY

Surgical cutting of a tendon.

TENSOR FASCIA LATA

A muscle that arises from the pelvis and
inserts on the iliotibial band.

TUBEROPLASTY

A reshaping procedure involving removal of
exostoses (outgrowth of bone) on the
humerus.

SALINE

A solution of salt in water.
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SUBACROMIAL DEBRIDEMENT

A surgical procedure involving
smoothing/shaving bone on the undersurface
of the acromion. It can involve a
bursectomy.

SUBACROMIAL DECOMPRESSION

Another term of subacromial debridement.

TRANSOSSEOUS

A term meaning through the bone.
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APPENDIX B: Superior Capsular Reconstruction Technique
Guide
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APPENDIX C: Subacromial Balloon Spacer Insertion Technique
Guide
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